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A Neuropsychological Study of Prefrontal 
Lobe Function in the Positive and Negative 
Subtypes of Schizophrenia 
DANIEL T. MATTSON 
MICHAEL BERK 
MARILYN D. LUCAS 
University of the Witwatersrand, South Africa 
ABSTRACT. The symptoms of schizophrenia are frequently divided into positive and neg- 
ative subtypes. It has been suggested that the negative symptoms are similar to those seen 
with prefrontal lobe cortical dysfunction. Several neuropsycholopical investigations of that 
hypothesis have been carried out, but none have directly compared a negative symptom 
group with a positive symptom group on the same test battery. In the present study, the 
Positive and Negative Syndrome Scale (PANSS; Kay, Fiszbein, & Opler, 1987) was used 
to distinguish two groups of 20 patients with schizophrenia with predominant positive or 
negative symptoms. A battery of 7 neuropsychological tests considered capable of isolat- 
ing prefrontal lobe dysfunction was administered. A significant group difference was noted 
on 6 of the tests; the negative symptom group performed much worse than the positive 
symptom group. The results of this study support the hypothesis that a relationship exists 
between the negative symptoms of schizophrenia and prefrontal lobe dysfunction. 
SIMILARITIES BETWEEN SYMPTOMS of schizophrenia and prefrontal lobe 
dysfunction have long been recognized, perhaps even as early as Kraepelin’s 
work (Park & Holzman, 1992). However, not all patients with schizophrenia dis- 
play such symptoms, and not all display them to the same degree. 
Although results of recent studies suggest that the cognitive impairment 
associated with schizophrenia may be more pervasive than was thought earlier 
(Gold & Weinberger, 1995 1, there is reason to suspect that the symptoms that have 
come to be referred to as negative symptoms are more similar to those indicative 
of prefrontal cortical dysfunction than they are to dysfunction of other areas of 
the brain (Liddle & Morris, 1991). 
The negative symptoms include poverty of thought and speech. blunted affect, 
decreased motor activity, apathy and avolition, and diminished interpersonal inter- 
Address correspondence to Michael Berk, Department of Psychiatty University ofthe Wit- 
watersrand Medical School, 7 York Road, Parktown, 2193, Republic of South Africa. 
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action (Crow, 1980; Kibel, Laffont, & Liddle, 1993). Other symptoms such as poor 
rapport, difficulty in abstract thinking, lack of spontaneity and flow of conversa- 
tion, and stereotyped thinking have been included (Kay & Opler, 1987). Andreasen 
( 1982) added anhedonia and poor attention. Positive symptoms include delusions, 
conceptual disorganization, hallucinatory behavior, excitement, grandiosity, sus- 
piciousness, and hostility (Kay & Opler, 1987). Bizarre behavior and inappropri- 
ate affect are sometimes also included (Malmberg & David, 1993). 
The combination of blunted affect, emotional withdrawal, lack of spontane- 
ity, and loss of drive characteristic of the negative symptom syndrome has paral- 
lels in the apathetic syndrome of the prefrontal lobes (Fuster, 1989). Difficulty in 
abstract thinking and stereotyped thinking are characteristics shared by both the 
prefrontal lobe and negative symptom syndromes. Andreasen ( 1982) suggested 
that the alogia of negative schizophrenia could be linked to the poor planning abil- 
ities associated with prefrontal lobe dysfunction. The motor retardation observed 
in the negative schizophrenia syndrome appears similar to the hypokinetic syn- 
drome of the prefrontal lobes. 
Further support for the hypothesis has been found with brain imaging tech- 
niques. Results from studies using magnetic resonance imaging (MRI) have indi- 
cated structural abnormalities of the prefrontal cortex in schizophrenia 
(Andreasen et al., 1986; Bachneff, 1991). Positron emission tomography (PET) 
studies have demonstrated prefrontal dysfunction (Bachneff, 1991; Wolkin et al., 
1992), as have regional cerebral blood flow investigations (Berman, Illowsky, & 
Weinberger, 1988). 
Several neuropsychological studies have also implicated prefrontal dysfunc- 
tion in schizophrenia. Seidman’s (1983) review was one of the first papers to sug- 
gest that some relationship might exist between negative symptoms, rather than 
positive symptoms, and neuropsychological indications of prefrontal dysfunc- 
tion. That research has been replicated (Gruzelier, Seymour, Wilson, Jolley, & 
Hirsch, 1988; Liddle, 1987; Liddle & Morris, 1991), although nonconfirmatory 
studies have been reported (Williamson et al., 1989). Although schizophrenia is 
no longer seen as a homogeneous disorder (Gruzelier et al., 1988), patients in pre- 
vious studies have been categorized into either a positive syndrome group or a 
negative syndrome group without controlling for the effects of co-existence of 
symptoms in the same patient (Addington, Addington, & Maticka-Tyndale, 199 1 ; 
Braff et al., 1991). 
In the present study, we attempted to overcome that deficiency. Patients with 
a diagnosis of schizophrenia were allocated to two groups on the basis of their 
dominant symptom presentation and then compared on a battery of tests pur- 
ported to isolate prefrontal lobe dysfunction. 
We hypothesized that the positive symptom group could be distinguished 
from the negative symptom group on the basis of neuropsychological testing and 
that only the negative symptom subtype would have deficits associated with pre- 
frontal lobe impairment. 
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Method 
Purticipants and Procedure 
The participants were patients drawn from the Witwatersrand Academic 
Complex. Each patient was assessed by the consultant psychiatrist and diagnosed 
according to the DSM-Ill-R (American Psychiatric Association, 1987) criteria for 
schizophrenia without affective component. Patients with neurological disorders 
were excluded from the study. 
Each group had 20 patients, matched for age (M = 35.88 years, range = 18-55 
years), sex, and education, with a minimum requirement of 10 years of school- 
ing. All were chronic patients who were receiving optimal neuroleptic treatment. 
To obtain sufficient patients for each group, the psychiatrist screened 61 patients 
and rated them according to the Positive and Negative Symptom Scale (PANSS; 
Kay, Fiszbein, & Opler, 1987). 
To test the hypothesis of the present study, we needed to clearly isolate a 
dominant symptom profile for each patient. To do this, we totaled scores sepa- 
rately for the negative symptom category and the positive symptom category. The 
negative score was then subtracted from the positive score to give a composite 
score. A PANSS composite score of less than -3 was required for inclusion in the 
negative symptom group, and a PANSS composite score of more than +3 was 
required for inclusion in the positive symptom group. Patients with mixed pic- 
tures (PANSS composite scores between -3 and +3) were excluded. In other 
words, patients who presented with both positive and negative symptoms of equal 
severity were excluded. 
Measures 
The Positive and Negative Syndrome Scale was used because it measures 
both presence and severity of symptoms (Kay et al., 1987) and treats the positive 
and negative distinction as more valid as a dimension than as a categorization 
(Tandon & Greden, 1991). There are also equal numbers of positive and negative 
items assessed (7 of each), allowing for better direct comparison of scores and 
the production of a composite score (Kay, Opler, & Lindenmayer, 1989). The 
PANSS was standardized by its authors, and the scores followed a pattern of nor- 
mal distribution and were internally consistent (Kay et al., 1989); therefore it has 
construct validity (Kay, Opler, & Lindenmayer, 1988). 
The test battery was administered by the first author, who was naive to the 
patients’ group status. The following tests were administered: Austin Maze (Walsh, 
1978), Rey Auditory-Verbal Learning Test (RAVLT Rey, 1964), Modified Wis- 
consin Card Sorting Test (MWCST; Nelson, 1976), Controlled Oral Word Asso- 
ciation Test (COWAT; Benton, Hamsher, Varney, & Spreen, 1983). Rey Complex 
Figure-Copy and Recall (RCF; Rey, 194 l ) ,  the Stroop Color and Word Test (Gold- 
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en, 1978), and the Trail Making Tests A and B (Reitan & Davison, 1974). Details 
of administration of these tests can be found in Lezak (1995) and Walsh (1994). 
Few tests can directly measure functions of the prefrontal lobe; rather, the man- 
ner in which an individual undertakes a test identifies dysfunction (Lezak, 1995). We 
chose this battery of neuropsychological tests because of the ability of these tests to 
isolate, through their administration, markers of prefrontal lobe dysfunction. 
Thus, with reduced categories achieved, the following were considered 
indicative of greater prefrontal lobe dysfunction: more perseverative errors 
(Drewe, 1974) and greater percentage of perseverative errors (Lezak, 1995) on 
the MWCST; more perseverative errors on the Austin Maze (Milner, 1965); slow 
performance on the Stroop with more errors on Form 3 (Cohen & Servan- 
Schreiber, 1992); reduced total number of words produced and number of word 
repetitions on the COWAT (Walsh, 1994); poor planning and execution of figure 
drawing leading to poor recall on the RCF (Walsh, 1994); and slow performance 
on the Trail Making Test, with greater errors on the B form of the test (Walsh, 
1994). In addition, the RAVLT was administered to assess frontal verbal memo- 
ry function. Frontal memory impairment presents as a deficit in free recall of 
information although recognition skills are intact (Walsh, 1994). 
Results 
No significant differences were found between the two groups in terms of sex, 
handedness, or education (p > .05, Fisher exact test). Significant differences 
between the two groups were found using the Student t test. The negative symptom 
group made more perseverative errors on the MWCST and the Austin Maze, and 
they performed more poorly on the RCF, COWAT total words produced, Trail Mak- 
ing Form B, and Stroop Test than the positive symptom group did. No differences 
were found between the groups for the RAVLT, Trail Making Form A, and COWAT 
repetition of words. Psychometric test result scores are reported in Table 1. 
Discussion 
By carefully selecting patients on the basis of their PANSS scores to exclude 
patients with mixed symptomatology, we isolated two groups with a clear pre- 
dominance for either positive or negative symptomatology. Thus, patients in the 
negative group had high scores on the negative subscale of the PANSS and low 
scores on the positive subscale. Patients in the positive group had the reverse pat- 
tern: high scores on the positive subscale and low scores on the negative subscale. 
The scores of the two groups were significantly different (p < .05, Fisher’s exact 
test). Although it was not possible to completely eliminate unwanted symptoms 
from each group, our approach significantly removed a group of patients who pre- 
sented with mixed features. Thus, we were better able to correlate test results with 
dominant symptoms while controlling for the effects of both negative and posi- 
tive symptoms in the same individuals. 
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The two groups showed a distinct and highly significant difference in per- 
formance on six of the tests administered. On these six tests, the negative-symp- 
tom schizophrenia group performed worse than the positive group. The positive 
group was not entirely free of impairments; however, that group displayed those 
deficits only on some of the tests, and then to a lesser extent than the negative 
group on those particular tests. 
Patients with negative symptoms showed greater errors of perseveration on 
the Austin Maze and MWCST, were more stimulus bound on the Stroop Color 
and Word Test and the Trail Making Test, had reduced fluency on the COWAT, 
TABLE 1 
Mean Scores of Negative Symptom and Positive Symptom Groups 
Test variable 
Negative Positive 
symptom group symptom group 
M SD M SD 
RAVLT 
Total words recalled: 
Free recall of words: 
Trials 1-5 
Trial 6 
MWCST 
Categories achieved 
Total errors 
Perseverations 
Perseverations 
Copy score 
Recall score 
Total words generated 
Repetitions of words 
Form A. seconds 
Form B, seconds 
Form B, errors 
Form I 
Form 2 
Form 3 
Form 3, errors 
Austin Maze 
RCF 
COWAT 
Trail making 
Stroop 
37.75 
10.65 
4.15 
18.40 
48.63 
20.27 
30.92 
10.38 
28.35 
1.45 
49.90 
174.95 
1.68 
74.70 
49.47 
28.42 
6.20 
10.03 
4.06 
1.90 
10.69 
16.19 
10.74 
7.00 
5.35 
19.32 
2.01 
16.10 
16.10 
1.83 
17.69 
8.03 
6.22 
5.34 
41.40 
11.60 
5.05 
12.35 
19.3 1 
5.70 
33.62 
15.35 
38.95 
1.20 
43:90 
104.2 1 
0.58 
92.75 
58.40 
32.90 
3.25 
11.45 
2.95 
I .39 
9.50 
23.67** 
3.09** 
2.96* 
8.05* 
16.00* 
1 .00 
13.55 
13.55* 
1.07* 
13.65** 
9.19** 
7.80 
2.8 1 * 
Note. RAVLT = Rey Auditory-Verbal Learning Test. MWCST = Modified Wisconsin Card Sorting 
Test. RCF = Rey Complex Figure. COWAT = Controlled Oral Word Association Test. 
*p < .05. **p < ,001. 
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and displayed planning and organizational deficits on the RCF. In addition, the 
negative group showed both verbal and nonverbal memory deficits for novel 
material, and they showed psychomotor retardation for the more complex sub- 
tests of the Stroop Color and Word Test and the Trail Making Test. 
The positive group was relatively free of purported prefrontal lobe impair- 
ments. Although there was no control group, when we compared the positive 
symptom group’s scores with test norms (Lezak, 1995), we found that those indi- 
viduals frequently performed within normal limits. However, they worked more 
slowly than expected on complex speed tests, although not as slowly as the neg- 
ative symptom group. They also had impaired recent memory functioning. No 
significant differences were found between the positive and negative groups on 
the RAVLT, but both sets of scores were below expected average scores. 
The negative group showed deficiencies in the initiation, planning, and orga- 
nization of material; difficulties in shifting cognitive set; recent memory impair- 
ment; and slowed rate of learning and slowing of thought. On an anatomical basis, 
these difficulties correlate well with deficits of the dorso-lateral and medial pre-pre- 
frontal areas rather than orbital areas, and they also occur with lesions to the sub- 
cortical structures (Cummings, 1993). However, it is well known that the prefrontal 
lobes share extensive connectivity with virtually all other areas of the brain-espe- 
cially the basal ganglia, and the diencephalic, limbic, and reticular systems (Alexan- 
der, DeLong, & Strick, 1986). The slowed rates of learning and bradyphrenia seen 
in the negative symptom group may reflect subcortical involvement. 
Robbins (1990) suggested that a frontostriatal dysfunction exists in schizo- 
phrenia. Neuropsychological deficits observed in patients have increasingly been 
regarded as behavioral evidence of the neuropathology of the disorder (Gold & 
Weinberger, 1995). We stress, however, that when researchers use neuropsycho- 
logical test performance in psychiatry, they should not assume that abnormal test 
scores indicate specific regional brain dysfunction (Keefe, 1995). Nevertheless, 
the results of the present study are consistent with the hypothesis that an associ- 
ation exists between dysfunction of the prefrontal lobes and negative symptom 
schizophrenia. In addition, the hypothesis that schizophrenia reflects more gen- 
eralized dysfunction in a network of frontal-temporal-limbic regions (Gold & 
Weinberger, 1995) is supported by the findings of the present study. 
This study, moreover, emphasizes the importance of recognizing that schiz- 
ophrenia is a heterogeneous disorder, and the findings highlight the need to take 
that heterogeneity into consideration when studying the etiology of this illness. 
Doing so will help researchers and practitioners understand better the apparent- 
ly paradoxical findings that currently abound in schizophrenia studies. 
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